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ABSTRACT Highly purified type-specific anti-collagen antibodies (prepared in animals to types I, II, III, and IV bovine collagen) were used in an indirect immunofluorescence method for the study of human lung collagen. The 13 Their specificity and potency are characterised by radioimmunoassay. Although, for technical reasons these antibodies are usually raised to bovine collagens, there is a substantial cross-reactivity of bovine and human collagens and these antibodies have been used successfully in the study of human tissues.12 13 In the present report we describe the use of typespecific antibodies in the immunofluorescence study of collagen in several forms of pulmonary fibrosis and demonstrate their value for determining the relative amounts and distribution of collagen types in lung tissue at various stages of the fibrotic process.
Methods

TISSUE SPECIMENS
Human foetal lung of 20 The sections were examined on a Reichert "Zetopan" research microscope with ultraviolet light source for transmitted light, widefield immersion darkfield condenser, and a camera attachment for photography. Filters included a heat stopping filter (Schott and Genossen KG2/2 mm), a primary exciter filter (Schott and Genossen UG/1-5 mm) and secondary protective filters (Wratten 2B/3 mm and Schott GG 13/3 mm and 1 mm). This combination permitted better histological orientation and contrast between specific apple-green fluorescence and non-specific autofluorescence than that obtained with incident light systems, because tissues not stained by FITCconjugate appeared as various shades of blue (depending on their refractile properties), instead of black or dull yellow-green as occurred with incident light. Orientation and adequate contrast between true and false fluorescence was found to be important in the study of tissues like diseased lung because confusing distortion of architecture is common.
HISTOCHEMICAL STAINS
Serial sections of each tissue were also stained with each of the following: haematoxylin and eosin, modified Glees' "reticulin" silver impregnation, '6 Miller's elastin van Giesen and Masson's trichrome stains17 and examined on a Nikon Apophot (Nippon Kogaku KK) light microscope with AFM photomicrographic attachment.
The clinical history and course of each patient was only revealed when the tissue assessment had been completed. 
Results
FOETAL LUNG
This tissue at the canalicular phase of development (sixteenth to twenty-fourth week) served as a reference tissue for evaluation of the anti-collagen antibodies. The bronchial walls contain cartilaginous plates which stained for type I and type JI collagen (fig 1) . Whereas type IL was confined to this site, type I was plentiful in all other layers of the developing bronchus, except the mucosa. Type Ill collagen was not found in cartilage but in all other sites it occurred in association with type I, in smaller quantities. The apparent ratio of type III to type I collagen in foetal lung was similar in all sites and higher than in adult lung. The fluorescent semiquantitation for both types I and III collagen in the walls of different structures decreased in the following order: arteries, bronchi, pleura, veins, and budding alveolar sacs. Although the microscopy used did not provide sufficient resolution for detailed study of differences in fibrillar forms of these collagen types, in alveolar walls the type III collagen appeared to have a finer, more reticular pattern. A distinctive linear fluorescent appearance lining alveoli, bronchi, blood vessels, and pleura was obtained with type IV collagen antibodies (figs 1 and 2). In bronchi, the characteristic convolution of the mucosal basement membrane was evident (fig 1) . Outlining basement membrane in this way helped orientation of tissue sections and definition of anatomical structures in foetal lung. ADULT Organising pneumonia A biopsy specimen from a localised area of right basal pulmonary consolidation of three months' duration in a patient with dermatomyositis showed large amounts of immunofluorescent type I and type III collagen (of approximately equal intensity) in areas of intra-alveolar and alveolar wall fibrosis.
Sarcoid nodules A similar increase in both collagen types was observed in established sarcoid nodules in lung from a patient with asymptomatic sarcoidosis and 4-8 mm diameter diffuse nodularity on chest radiograph. This ratio was also present in areas of mild alveolar wall thickening and cellularity, whereas intervening alveolar walls were normal in all respects. Giant-cell-containing islands of mononuclear cells were free of collagen.
Silicosis In pulmonary silicotic nodules, the overall collagen fluorescence was less than that in sarcoid granulomata, particularly in the central hyalinised zones and in the whorled bundles of densely packed collagen (fig 3) . In these zones, type I was exclusively present, whereas in the outer zones, containing dust-laden macrophages and numerous fibroblasts, both types I and III were present in almost equal proportions. This feature was also observed throughout smaller cellular nodules that lacked the acellular central zone. New vessels were identified in the outer zones by their basement membrane fluorescence.
A similar distribution of types I and III collagen was found in the fibrosis compressing and invading vessles.
Pleural plaques Plaques from a patient with asbestosis and pleural mesothelioma contained some fibroblasts and gave strong uniform fluorescence with type I antibodies, but negligible fluorescence with type LII.
Fibrous pleural thickening The fibrous pleura from three patients with systemic lupus erythematosis (SLE) and two patients with cryptogenic fibrosing alveolitis (CFA) with pleuritis were examined. In all cases the major collagen in thickened pleura was type I, but in two patients with SLE 
Discussion
Immunofluorescence techniques have been used for the identification of collagen types in specific anatomical sites in several tissues,1213 1819 but we have found no reports of their application to the study of fibrotic lung disease.
This study confirms that type I is the major collagen type of established fibrous scar tissue in the lung, as it is in other organs.6 In addition, on the basis of collagen type fluorescence two distinctive patterns of fibrosis have been identified, the first in sites of established mature fibrous tissue, the second in areas of early active fibrosis. In the former situations, for example in asbestotic pleural plaques, the whorled central zone of silicotic nodules and in peribronchial and perivascular connective tissue, collagen forms large fibre bundles. These are more refractile than loosely arranged collagen and thus display a greater degree of light-blue non-specific autofluorescence in ultraviolet light. Specific fluorescence is obtained with antibodies to type I collagen and individual fibres are coated, giving a "tubular" rather than uniform fluorescent appearance. In addition, the overall intensity of fluorescence is diminished in these sites. The reduced fluorescence and tubular effect is probably the result of fewer accessible antigenic sites on the fibres, because of more cross-linkages,"l 20 21 fibril packing, or changes in connective tissue matrix. Type m collagen is seldom detected in these locations. By contrast, in sites of early or active fibrosis, the content of both type I and type III is increased, and quantitated fluorescence of the latter often approaches that of type I. Other features include a more intense overall fluorescence of both collagen types as a result of uniform coating of collagen fibres with fluorescent antibody complexes, and less non-specific autofluorescence. These sites are usually more cellular and contain variable numbers of fibroblasts and chronic inflammatory cells.
The two patterns frequently coexist in a single lesion, as seen in the silicotic nodule where the central zone is "mature", and the outer cellular zone has features of active fibrogenesis. However in some biopsies, for example from acute organising pneumonia, active sarcoidosis, and fibrous pleurisy of short duration, the fluorescence appearances are sufficiently uniform to permit an overall assessment of early active fibrosis to be made.
651
The finding in this study that type III collagen increases in sites of early active fibrosis in the lung accords with observations in other organs and tissues. It has been found in immunofluorescence studies of wound healing in children, '8 31 The comparison of connective tissue stains in this study showed that silver impregnation is the stain of choice for detecting collagen in foetal lung and in early fibrotic lesions. This supports the findings of Huang32 in studies of alveolar wall collagen. Controversy exists as to whether argyrophilic connective tissue is all collagenous,3233 but its profusion in immature and embryonic tissues is well recognised, and is not explained by collagen type, fibril size, or glycosaminoglycan content, although it might be related to fibre organisation.8 The relatively high type III collagen content in these locations, as shown by immunofluorescence, suggests that a large proportion of argyrophilic fibres are type m collagen. There is, however, as yet no certain information on the relative silver staining properties of types I and m collagen fibres.
There are several potential,sources7of error in the methods used in this study, and precise standardisation is impossible. The chief difficulties are the sub- A second advantage of using foetal lung in the canalicular phase as a standard substrate is its minimal elastic tissue content. At this stage a small amount is visualised in arterial walls and major airways, but not in alveolar walls.38 Elastic fibres are highly refractile and display characteristic ice-blue autofluorescence in ultraviolet light, the intensity of which may interfere with evaluation of the specific fluorescence of adjacent collagen. Third, the collagen in foetal tissue is less mature, has fewer cross-links, and is less tightly packed than in adults.' 11 It therefore stains with predictable intensity. Finally, the availability of foetal lung also commends it for use as a standard substrate, and a single sample can be included in many batches.
In conclusion, the immunohistochemical study of collagen is a useful sensitive method for detecting small overall increases in lung collagen, possibly at stages at which they are not detected with other connective tissue stains. It also has an important application for defining areas of active or early fibrosis, whether widespread or focal. This is gauged from the increased proportion of type III collagen, the intense uniform fluorescence of both types I and III fibres, and the relative absence of nonspecific collagen autofluorescence. In contrast, late lesions or mature scar tissues are identified by weaker specific fluorescence and more pronounced autofluorescence of the type I collagen fibre bundles, the absence of type III fluorescence, and the relative acellularity of these connective tissue sites. This method is usefully combined with routine histological assessment which has the advantage of defining the cell types present. In some conditions, this information will assist with decisions about treatment, and this application has recently been assessed in a group of patients with cryptogenic fibrosing alveolitis (unpublished observations).
